Progression of pulmonary interstitial emphysema (PIE) to single or multiple pneumatoceles is uncommon, but may be seen in extremely premature infants with respiratory distress syndrome (RDS) on mechanical ventilation, after bacterial pneumonia and after suction catheter-induced airway trauma. While most premature infants with pneumatoceles are managed conservatively, mechanical decompression may be necessary. [1] [2] [3] Prior descriptions of neonatal intensive-care management of pneumatoceles in premature infants are individual case reports. We report the case of a 1-month-old extremely premature infant with RDS and respiratory failure from superimposed respiratory syncytial viral pneumonitis, PIE, and an enlarging pneumatocele, which was successfully managed with a percutaneously placed pigtail catheter. 
CASE REPORT
CD is the 23-week gestation, 533 g infant female born to a 30-yearold Gravida 2, Para 2 mother. Vaginal delivery occurred after preterm labor and presumed chorioamnionitis. The mother received one dose of betamethasone 10 hours before delivery. The baby was resuscitated, intubated and had surfactant administered in the delivery room, within 15 minutes of delivery. Apgar scores were two, five and six at 1, 5 and 10 minutes. Presumed sepsis was managed with 10 days of ampicillin and gentamicin therapy. The baby was mechanically ventilated for severe respiratory distress syndrome (RDS). Early onset pulmonary interstitial emphysema (PIE) and a right lower lobe pneumatocele (<0.5-cm diameter) were apparent by day 3. High-frequency JET ventilation (Bunnell LifePulse, Salt Lake, UT) was initiated on the third day of life with JET Peak Inspiratory Pressure (PIP) 25 and positive end expiratory pressure (PEEP) of 5 cm of water. The default JET rate was 420/min, the conventional ventilator sighs were (PIP/PEEP) 20/5 at five breaths/minute, in 55% FIO 2 . There was a mild respiratory deterioration associated with a patent ductus arteriosus (PDA), which was ligated at 8 days of life. After PDA ligation, from days 8 to 16, the patient was maintained on conventional ventilator. During this interval, the pneumatocele gradually increased to >3 cm diameter and JET ventilation was re-instituted with JET pressures of (PIP/PEEP) 25/10 with a rate of 420/min and conventional ventilator sighs of (PIP/PEEP) 20/5 at five breaths/ minute, in 50% FIO 2 . The patient was initially stable, but progressive respiratory deterioration occurred between 36 and 38 days of life. JET support was increased to (PIP/PEEP) 50/13 with a rate of 420/min and conventional ventilator sighs of (PIP/PEEP) 27/13 at 20 breaths/minute, in 100% FIO 2 to achieve an arterial blood gas with pH 7.07, PCO 2 90 and PO 2 89. During this deterioration, PCO 2 's as high as 111 were documented. Respiratory deterioration progressed. By this time neither JET nor highfrequency oscillatory ventilation (SensorMedics 3100A, Yorba Linda, CA) was effective. Oximeter saturation, on maximal JET ventilation, declined to 40%, requiring acute management with manual ventilation. Saturations in the 80s could be maintained with conventional ventilator pressures of (PIP/PEEP) 40/6 at 80 breaths/minute, on 100% FIO 2 . Chest radiographs showed a progressively expanding right lower lobe pneumatocele with right upper and middle lobe atelectasis and mediastinal shift (Figure 1) . Dexamethasone (0.5 mg/kg/day) was begun for severe pulmonary decompensation. Tracheal secretions were later found to be positive for RSV antigen. RSV infection was believed to be responsible for the pulmonary deterioration, need for increasing mechanical pressure support and secondary increase in the size of the pneumatocele. Throughout the hospitalization, the parents insisted that everything be done to support the baby.
At 38 days of life, a 6-Fr pigtail catheter was placed into the pneumatocele due to an inability to adequately ventilate the infant using PIP of up to 40 to 50 cm H 2 O. At that time, the infant weighed 1026 g. The catheter was placed under fluoroscopic guidance in the operating room, using Seldinger technique from a posterolateral approach. A 0.035 00 spring wrapped J-guidewire was advanced through an 18-gauge needle into the pneumatocele. The tract was dilated and the pigtail catheter advanced over the guidewire. A chest tube (10 Fr) was placed in the pleural space to manage an anticipated pleural air leak. The pigtail catheter and chest tube was placed to 20 cm of water suction to adequately evacuate the pneumatocele (Figure 2) . During the procedure, intermittent positive pressure mechanical ventilation with PIP of 40-cm water was used. A chronic continuous air leak was observed from both the pigtail catheter and the chest tube. The infant continued to require conventional synchronized intermittent mandatory (SIMV) mechanical ventilation of (PIP/PEEP) 30/6, rate of 64/min, in 100% oxygen. JET ventilation was resumed after pigtail placement with JET pressures (PIP/PEEP) 40/12 with a rate of 420/min and conventional ventilator sighs of (PIP/PEEP) 27/12 at 10 breaths/minute, in 100% FIO 2 . JET support was weaned over the next 24 days to SIMV for an additional 17 days and CPAP for 3 days. The chest tube air leak eventually subsided and the chest tube was removed. The pigtail catheter remained in the pneumatocele space for 24 days due to a persistent air leak. Chronic lung disease was treated with systemic and inhaled steroids. The patient was transferred to a rehabilitation hospital 3 months after thoracostomy tube placement, without recurrence of either the pneumatocele or evidence of a bronchopleural fistula (Figure 3) . The patient was finally weaned to room air at 6 months of life.
DISCUSSION
We believe this is a case of life-saving percutaneous decompression of an acquired pneumatocele using a pigtail catheter in an extremely premature infant whose respiratory course was complicated by RSV pneumonitis. In our case, a solitary pneumatocele was noted at 3 days and became life threatening when superimposed RSV pneumonitis initiated a deteriorating spiral of increasing mechanical ventilator support, progressive enlargement of the pneumatocele and progressive respiratory deterioration. Patience with prolonged pigtail catheter placement resulted in resolution of the pneumatocele. 1, 2 Except for the contribution of RSV pneumonitis and prolonged use of the pigtail catheter, our case is similar to the case reported by Arias-Camison et al. 3 At the time of percutaneous decompression, our patient was deemed too unstable to tolerate an open thoracotomy and partial pneumonectomy. Pulmonary interstitial emphysema occurs in 2 to 4% of all NICU admissions. The incidence increases 10-fold in premature infants with RDS 4 and may progress to an enlarging pseudocyst or pneumatocele. 5 In premature infants, the initial air leak may be induced by trauma from an endotracheal tube suction catheters. Maternal chorioamnionitis may induce an intrauterine inflammation leading to the development of PIE. Antenatal steroids decrease the incidence and severity of RDS, but their effect on PIE is inconclusive. 6 In a premature neonatal lamb model of RDS, 70% of the lambs develop PIE when antenatal steroids are administered within 24 hours of delivery. 7 Lambs treated with antenatal steroids have 30% less pulmonary parenchymal collagen and 120% more elastin than control animals. PIE is less common when antenatal steroids and exogenous surfactant are used together. 8 There are few case reports of PIE progressing to a large pneumatocele that compromises mechanical ventilation. Approaches to manage patients with life-threatening pneumatoceles include selective intubation of the contralateral bronchus, unilateral balloon catheter occlusion of the ipsilateral bronchus, and surgical decortication and chest tube evacuation of the resulting pneumothorax. None of these approaches were deemed practicable in our patient. Progressive enlargement of the pneumatocele occurred on high-frequency ventilation, a recognized therapy for PIE and pneumatocele. 9 We suspect that with continued aggressive support of extremely premature infants, more cases of PIE with pneumatocele requiring acute decompression will be seen.
A difficulty with percutaneous decompression of solitary or multilocular pulmonary cystic lesions is unavailability of lung tissue for a definitive microscopic diagnosis. The differential diagnosis of a cystic pulmonary lesion includes pulmonary sequestration, a bronchogenic cyst, congenital lobar emphysema, congenital cystic adenomatoid malformation (CCAM) and pulmonary interstitial emphysema with pneumatocele, aspiration or bacterial pneumonia with cavitation, and Wilson-Mikity syndrome. 1 Congenital lung cysts usually have developmental abnormalities and progress, requiring surgical excision. CCAM, in particular, is associated not only with recurrent infection, but also with later appearance of malignant rhabdomyosarcoma. 10 In our case, the lesion was not resected, and did not reappear 3 months after removal of the pigtail thoracostomy tube. While it is most likely a pneumatocele, ongoing radiographic follow-up will be necessary.
Percutaneous decompression of pulmonary cysts may be lifesaving in selected, critically ill infants, especially extremely premature neonates. Even if later surgical resection is necessary, the operation may be performed when the infant is older, larger and physiologically more stable. We believe that innovative percutaneous therapies will be used with increasing frequency as we manage more extremely premature infants in the NICU.
